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INTRODUCTION. 

Although the arterial circulation of Leiopelma hochstetteri con¬ 
forms essentially to the typical Anuran plan, the venous system is 
peculiar in possessing well-developed right and left postcardinal 
veins, the posterior extremities of which are in communication, either 
directly or indirectly, with the postcaval vein. Anteriorly, each post¬ 
cardinal vein unites with the corresponding internal jugular vein to 
form a wide, transversely placed ductus Cuvieri which enters the 
lateral aspect of the sinus venosus. Thus, an innominate vein or 
distal portion of the ductus Cuvieri (O’Donoghue, 1931), as typified 
in Bam, is not present in Leiopelma, and the main vessels of the 
precaval system retain essentially their embryonic relationships.* 

The circulatory system of Leiopelma exhibits also a number of 
abnormalities and variations. These, as might be expected from con¬ 
sideration of other vertebrate types, are especially abundant in the 
venous system, but the arterial blood supply to the kidneys has been 
found to be abnormal in a number of instances. As far as possible, 
in the following description, an attempt has been made to conform to 
O’Donoghue \s definition (1931) of the terms “ variation ” and 
“ abnormality,’ ’ but this has not been practicable in all cases. In 
connection with the veins draining the kidneys, for instance, a 
number of examples have been described to illustrate cases of what 
are, strictly speaking, abnormalities. However, the incidence of these 
is so great that it has so far been impossible to decide exactly what 
is the normal condition of these vessels in Leiopelma, and for the 
present purpose the examples quoted are referred to simply as indi¬ 
vidual variations. 

MATERIALS AND METHOD. 

The description given below is based entirely on dissection of 
injected specimens of Leiopelma, most of which were sexually mature. 
Latex, the medium used throughout the work, was injected through 
the ventricle or the left auricle cf freshly killed animals. The 
advantages of latex over the older gelatin or starch injection masses 
was found to be very great. Penetration in most cases was excellent, 
while the added elasticity of the blood vessels was of tremendous 
advantage in dissection. 
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THE ARTERIAL SYSTEM. 

I.—The Carotid Arch. 

For the purpose of the following description, the detailed dis¬ 
tribution of the vessels of the brain will not be considered. The 
distribution of the main vessels arising from the carotid arch in 
Leiopelma differs little from that already described iii : detail for 
Rana esculenta (Ecker, 1889). General characteristic differences may 
be summarised as follows:— * 

(a) A slender cutaneous artery arises a short distance beyond 
the point of origin of the lingual or external carotid artery and passes 
back to supply the cutaneous capillaries of the ventral surface of the f 
body at approximately shoulder level. (Text Figure I.) ' 



Text Fig. 1.—The Carotid Artery and its branches. Ventral aspect. (Tongue and 
mucous membrane of palate have been lemoved from right half of head.) 
a.p.—Anterior branch of palatine artery, b.p.p.—Branch of posterior pala¬ 
tine artery. c.a.—Carotid artery. c.ar.—Carotid arch. c.b.l.—Cutaneous 
branch of lingual artery, c.g.—Carotid gland, d.b.l.—Deep branch of lingual 
artery, i.c.—Internal carotid artery. 1.—Lingual or external carotid artery, 
m.m.p.—Mucous membrane of palate deflected forward. o.—Orbit. p.a.— 
Palatine artery. ps.—Parasphenoid. s.b.l.—Superficial branch of lingual 

artery, t.—Tongue, t.a —Triincus arteriosus. 

(b) A single palatine artery arises from the carotid artery 
immediately before the latter crosses the posterior border of thp 
orbit. This palatine trunk supplies a small vessel to the, underlying 
mucous membrane before dividing into two ultimate branches which 
correspond in function to the anterior and posterior palatine arteries 
of Rana. 

(c) The anterior spinal artery communicates with the occipito- 

vertebral artery on each side by a single ventral or spinal branch 
arising from the latter. ' “ 

II.— The Systemic Arch. (Plate 43.) 

From before backward, the branches arising from the left 
systemic arch before its junction with the right arch to form the 
dorsal aorta are as follows:— 
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(i) An oesophageal artery. 

(ii) A gastric artery, passing to the stomach. 

(iii) The occipito-vertebral artery, passing to the dorsal region 
of the body. 

(iv) The subclavian artery, supplying the shoulder and arm. 

(v^ Three dorso-lumbar arteries, supplying the muscles of the 

body wall. 

(vi) Three branches, passing to the oviduct, kidneys and fat- 
body of the same side. 

The branches of the right systemic arch are symmetrical with 
those of the left, except for the lack of oesophageal and gastric 
arteries on the right side. 

The dorsal aorta gives rise to a further series of branches: 

(1) The coeliaco-mesenteric artery, supplying the alimentary 
canal and its associated glands. 

(2) A variable number of urinogenital arteries, supplying the 
kidneys, gonads and oviducts. 

(3) Several pairs of small dorso-lumbar arteries, passing to the 
dorsal body wall. 

(4^ An anterior haemorrhoidal artery, arising either before or 
behind the last pair of renal arteries and passing to the 
large intestine. 

(5) A posterior haemorrhoidal artery, supplying the large in¬ 
testine and the bladder. 

(6) Two iliac arteries, formed by the ultimate bifurcation of .the 
dorsal aorta and passing to the hind limbs. 

The occijnto-vertebral artery, which arises opposite the level of 
the shoulder, passes inward and upward towards the vertebral 
column. Close to the latter, a small central branch comes off the main 
trunk and passes inward to the ventral surface of the spinal cord, 
where it unites with the anterior spinal artery. The main artery 
continues upward to the dorsal level of the vertebral column, after 
which it passes forward and outward as the occipital artery until it 
reaches the inner posterior border of the orbit. Before descending 
to supply the lining of the inner wall of the orbit, the occipital 
artery gives off two branches, one of which supplies the skin cover¬ 
ing the outer wall of the orbital region, while the other passes down¬ 
ward to the roof of the mouth. 

In Leiopelma, a vessel corresponding fully to the vertebral artery 
of Rana> does not exist, and the only representative of the “ rami 
spinales ” (Ecker, 1864) of the latter is the small ventral vessel which 
unites with the anterior spinal artery. The functions of the vertebral 
artery appear to be served in Leiopelma by the dorso-lumbar arteries 
arising from the systemic arch and renal arteries and supplying the 
vertebral column and muscles surrounding it. A vertebral artery 
is lacking also in Hyla aurea. (Marriner, 1905.) 

The subclavian artery conforms largely in its distribution to 
the same vessel in Rana , but exhibits minor differences in the posi¬ 
tions of the finer branches supplying skin and muscles. Leiopelma 
exhibits no trace of the costo-cervical branch of the subclavian artery, 
but its function is carried out by means of the three pairs of dorso- 



Stephenson— Circulatory System of Leiopelma lwchstetteri. 495, 

lumbar arteries arising from the systemic arches. The latter run 
between the transverse processes-of the second-to the fifth vertebrae 
and pass through the intervertebral foramina to supply the "Vertebral 
canal. In addition, they feed the surrounding muscles: .1 

An interesting feature shown in Leiopelma, is the presence of 
three oviducal and renal arteries arising from the backwardly-curving^ 
region of each systemic arch. (Plate 42.) The two anterior branches 
are short vessels which pass directly outward and* backward to the 
anterior region of the corresponding oviduct. Shortly before the 
dorsal aorta is formed, a third artery takes its origin. This, after 
branching to supply the fat-body, passes diagonally back over, the 
antero-ventral surface of the kidney, until it reaches the outer border 
of this organ. It then turns backward and runs toward the posterior 
end of the kidney, sending out, more or less at right angles, several 
arteries which ramify over the surface of the corresponding oviduct. 

The Dorsal. Aorta. 

1.—The Coeliaco-mesenteric Trunk. 

The coeliaco-mesenteric trunk gives rise to the usual two 
branches: 

(a) A gastric artery. 

(b) A mesenteric artery. 

The distribution of the branches arising from these main vessels 
is shown in Plate 41. 

2.—The TJHnogenital Arteries . (Plate 42.). 

The arteries from the dorsal aorta to,.supply the kidneys and 
reproductive organs, although much more regularly arranged than 
the efferent renal veins, are rarely symmetrically placed* | Most com¬ 
monly, there are four pairs of urinogenital arteries, with ,tjhe su^ces-t 
sive pairs comparatively widely spaced. Sometimes, the^member^of 
the two middle pairs are symmetrical, while those nf the, anterior*>an4i. 
posterior pairs show variations in their positions. , In ..other, morCj 
abnormal individuals, the arteries passing to one kidneyrmay show,, 
no correspondence either in number or arrangement with those of the.- 
opposite side. In extreme cases two arteries have been observed on, 
one side, and a single, large artery on the other. Where four pairs/ 
of renal arteries are present, it is generally found that each of the 
first two vessels on each side passes to the innevi border of the corre¬ 
sponding kidney and divides into two, one branch passing into the 
substance of the kidney, while the other passes to the ovary of the 
same side. The third artery, in* addition to supplying the kidney 
and the gonad, produces an extra branch which passes over the 
ventral surface of the kidney to carry blood to the portion of the 
oviduct more posterior to that supplied by the oviducal branch from 
the systemic arch. The fourth renal artery also sends a branch to 
the oviduct, but does not always supply the ovary. In the males 
of Leiopelma, the derivation of the spermatic arteries appears to 
correspond to that of the ovarian arteries.. 1 J 

The lime Arteries. 

The dorsal aorta bifurcates near the middle of the urostyle to* 
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form the iliac arteries, each of which passes obliquely outward and 
backward to the base of the corresponding thigh to become continuous 
with the sciatic artery. The course of the latter is essentially similar 
to that in Rana, and peroneal and tibial arteries are formed at the 
knee in similar fashion. As the tibio-fibula is not perforated in 
Leiopelma, however, the main tibial artery curves around the bone 
instead of passing through it as in Rama . 

III.— The Pulmo-cutaneous Arch. 

Little deviation from the typical Amiran condition is seen in 
the vessels of the pulmo-cutaneous arch. The pulmonary artery is 
approximately equal in diameter to the cutaneous trunk, but the 
extensive plexus of cutaneous capillaries leaves little doubt as to the 
importance of the respiratory function of the skin, notwithstanding 
the semi-terrestrial habitat of Leiopelma. 

THE VENOUS SYSTEM. 

I.—The Precaval System. (Plate 45.) 

The Internal Jugular Vein . 

The internal jugular vein is formed by the confluence of three 
main vessels: 

(a) A vein formed by the confluence of factors from the brain 
itself. 

(b) A vessel which drains the skin and muscles of the back of 
the shoulder and head. 

(c) A vessel draining the tissues of the eyeball, eye-muscles, 
mucous membrane of the palate, and part of the nasal 
cavity. 

A number of small vessels drain the ventral regions of the eye¬ 
ball and eye-muscles. Into the vein formed by their confluence, open 
separate vessels from the dorsal aspect of the eyeball and the skin 
above it, as well as a tributary from the nasal cavity. Slightly more 
posteriorly, a vessel draining a large area of the mucous membrane 
of the palate joins the main vein, after which the latter curves back¬ 
ward and outward around the outer side of the auditory capsule and 
passes toward the angle of the jaw. Here, it receives a tributary 
which drains the skin and muscles of the back of the shoulder. Prom 
this point, the main trunk curves inward and back, uniting with the 
vessel from the brain, to form the internal jugular vein, a stout 
trunk w.*r!ch runs back for a short distance before uniting with the 
postcardinal vein. The ductus Cuvieri thus formed passes trans¬ 
versely across the body to enter the sinus venosus. 

The External Jugular Vein. (Plate 45.) 

The external jugular vein is formed, as in Rana, by confluence 
of lingual and mandibular veins* The mandibular vein takes its 
origin in the lining of the anterior ventral region of the maxilla, and 
runs backward along the whole length of the bone. A number of 
small tributaries enter it on either side. At the posterior extremity 
of the maxilla, the mandibular vein curves slightly inward and 
divides into two channels, which pass transversely across the body. 
The anterior channel is joined by a vein draining the anterior of the 



Stephenson —Circulatory System of Leiopelma hochstetteri . 497 

shoulder, while the other divides again into two. Shortly before the . 
point of union with the lingual vein, all three vessels unite again to 
form a single vein, which, after joining with the lingual vein, curves 
back close to the heart, to enter the ductus Cuvieri. As it passes 
close to the heart, the left external jugular vein receives from the 
truncus arteriosus a small vessel which apparently corresponds to 
the vena bulbi anterior of Rand. The lingual vein is formed by a 
number of small vessels draining the tongue and hyoid. It passes 
directly back to unite with the mandibular vein. 

The Musculo-cutaneous Vein. 

The musculo-cutaneous vein enters the ductus Cuvieri opposite 
the point of entrance of the external jugular vein. It is not alto¬ 
gether comparable to the vessel of the same name in Rana, being 
onlv a slender vein formed almost entirely from the confluence of 
widely ramifying cutaneous tributaries draining the ventral surface 
of the abdomen. A few small tributaries from the ventral body Avail 
enter it as it passes to the ductus Cuvieri. 

The Postcardinal Veins. (Plates 44 and 45.) 

Each postcardinal vein is a moderately stout vessel which, at its 
posterior extremity, is united either Avith the postcaval vein itselt or 
with one of the main efferent renal veins which form the postcaval 
vein. From this posterior point of union, each postcardinal curves 
slightly outward to reach the corresponding kidney, and is closely 
applied to the inner edge of the anterior third of that organ. This 
condition is undoubtedly correlated with the fact that the relative 
length of the kidneys in Leiopelma is rivalled among Amphibia only 

by that found in Ascaplius and the caecilians. 

From the anterior extremity of the kidney, the postcardmai 
vein passes forAvard almost to the level of the arm, lying in close 
proximity to the lateral edge of the systemic arch. A short distance 
behind the level of the subclavian artery, the postcardinal vein curves 
outward toAvards the arm, the exact degree and position of the curva¬ 
ture varying Avith the individual. After passing forAvard for a short 
distance, the A'ein turns imvard again and passes across to the heart, 
forming by its union with the main veins from the anterior region 
of the body, a Avide channel, the ductus Cuvieri, opening into the 

lateral aspect of the sinus venosus. 

The postcardinal vein receives a number of tributaries, some 
of which are of major importance, while others are merely small 
vessels draining muscles. 

(i) Shortly after the postcardinal vein leaves the kidney, it is 
joined on its outer side by a small vein draining the extreme anterior 
region of the oviduct. 

(ii) Slightly further toward, one or tAvo oesophageal veins pass 
to the inner side of the left postcardinal vein. 

(iii) Several very small veins draining the more anterior muscles 
of the dorsal body wall enter the main vessel, either during its longi¬ 
tudinal course, or after it has begun to curve out towards the arm. 
Further forward, the postcardinal vein receives several important 
vessels belonging to the precaval system, 
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(iv) Opposite the arm and anterior to the subclavian artery, the 
brachial vein, which receives blood drained from the forelimb and 
hand, joins the postcardinal vein. 

(v) A short distance beyond the point where the posteardinal 
vein turns toward the heart, it unites with the stout trunk of the 
internal jugular vein. 

The Postcaval Vein. 

From its origin between the more anterior region of the kidneys 
the stout, median postcaval vein passes forward, dorsal to the liver.’ 
to open into the posterior region of the sinus venosus. 

The Hepatic Portal System. (Plates 41 and 45.) 

As in Rana, the hepatic portal system comprises two main trunks 
the anterior abdominal or epigastric vein, which drains the ventral 
abdominal wall, hind limbs and part of the pelvic region, and the 
hepatic portal vein proper, which drains the alimentary canal and the 
spleen. The tributaries of the hepatic portal vein are illustrated in 
Plate 41. 


The Renal Portal System. 

In general arrangement, the veins of the hind limb are similar 
to those of Rana. Immediately beyond its point of entrance to the 
pelvis, however, the femoral vein unites with the sciatic vein to 
form a common trunk which may be regarded as an external iliac 
vein, although it is not strictly homologous with the vein of the same 
name in Rana. After passing forward for a short distance, this 
vessel receives a small tributary from the dorsal body wall, and soon 
afterwards bifurcates to form the renal portal vein and the pelvic 
vein. Immediately before the point of union, each pelvic vein may 
receive a vesical tributary from the antero-lateral region of the 
bladder or a single vesical trunk may enter either one of the pelvic 
veins. In the latter ease, a small connecting vein usually unites the 
vesical vein with the opposite pelvic vein. 

The renal portal vein passes forward to the kidney where it 
traverses the dorso-lateral border of almost the whole length of that 
organ. (Plates 44 and 45.) The tributaries of the renal portal vein 
consist of two series of small vessels, both variable in number. The 
aorso-lumbar veins are short, irregularly spaced vessels draining the 
dorso-lateral region of the body wall. The oviducal veins are two 
or more slender vessels formed by the confluence of innumerable 
capillaries ramifying over the surface of the oviduct. The renal 
portal vein, throughout its length, gives rise to a varying number 
nf t sma11 . affer e nt re nal^ veins, which pass directly into the substance 
ot the kidney to feed the widely distributed portal capillaries. 

The Efferent Renal Veins. (Plate 44.) 

The efferent vessels which drain the kidneys of Leiopelma are 
remarltably variable. Not only do they differ in number and dis¬ 
tribution in different individuals, but they also frequently show a 
lack of symmetry on right and left hand sides of a given individual. 
While most of the blood from the kidneys is passed into a median 
postcaval vein, that collected from the anterior, tapering regions is 
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drained forward from the kidneys by a persistent postcardinal trunk 
on each side. 

The efferent renal veins, the factors of the renal veins proper, 
show-extreme variation in size, number and arrangement. They cover 
the greater part of the ventral surface of each kidney, lying more or 
less transversely across the organ. As they pass in towards the 
middle line of the body, they widen owing to the reception of in¬ 
numerable, irregular tributaries, among which considerable anasto¬ 
mosis is shown. The efferent venal veins draining the narrow anterior 
region of the kidney usually show a more regularly parallel arrange¬ 
ment than those from the rest of the organ. At the inner border of 
the kidney, the efferent renals form by their confluence the renal 
veins, often converging in groups to do so. Most usually, the posterior 
half to two-thirds of the kidney is drained by a single, very stout 
renal vein which takes its origin near the posterior extremity of the 
organ. The renal veins from each side pass forward, often closely 
associated with the inner borders of the kidneys and receiving many 
efferent renal tributaries. Before the narrow, anterior third of each 
kidney is reached, the main renal veins converge towards the median 
plane of the body, finally uniting to form the stout, median post¬ 
caval vein. Very often, the anterior, converging region of each renal 
vein is joined by a slender vessel which passes directly inward from 
the kidney and is formed by the union of several efferent renal veins 
anterior to those draining the main vein. In some cases, several 
renal veins occur on one or both sides, but these always unite in 
various ways to produce a single main vessel before the postcaval 
vein is formed. The renal veins of opposite sides may be connected 
by transverse vessels. In the anterior third of the kidney, the post¬ 
cardinal vein itself functions as a renal vein and receives a varying 
number of more or less parallel efferent renal tributaries. It is closely 
applied to the inner border of the kidney, but posteriorly it curves 
away from the latter to unite either with the postcaval vein or with 
the main renal vessels of the same side. Thus it appears that some 
of the blood drained into the postcardinals reaches the liver by way 
of the postcaval. 

Blood from the gonads and fat-bodies eventually enters either 
the postcaval or postcardinal veins. The spermatic or ovarian veins 
are slender vessels, varying in number from three to six. The fat- 
body is usually drained by a single small vein which passes directly 
into the postcardinal vein, entering the postcardinal slightly beyond 
its posterior point of attachment to the kidney. This is sometimes 
joined by one or more of the veins from the anterior of the gonad, 
but it is equally as common to find all the ovarian or spermatic 
vessels entering the corresponding main renal vein or its tributaries, 
sometimes uniting in pairs before doing so. In the male frog, 
especially, several small connecting vessels may occur which link up 
the veins of. individual gonads as well as those of opposite sides. 

A striking degree of individual variation is encountered in the 
arrangement of the renal veins and their tributaries, six examples of 
which are figured in Plate 44. 

In Figure I (a), the right kidney of a female frog is *hown, 
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The numerous efferent renal veins and their finer tributaries are very 
irregularly arranged in the more posterior region of the kidney, but 
they are more or less parallel in the anterior portion, where they 
open into the posteardinal A'ein. The main renal vein is a large trunk, 
arising near the posterior margin of the kidney. It is closely attached 
to the inner border of the posterior third of the kidney, but beyond 
this point it forms a shalloAV loop towards the middle line of the 
body. Finally, it passes forward and imvard to form the post-caval 
vein by union with the main renal vein from the opposite side. A 
more slender renal vein enters the postcaval vein directly, slightly 
behind the point of entrance of the posterior portion of the post¬ 
cardinal. Four small veins from the anterior of the ovary join the 
vein from the fat-body to enter the postcardinal vein, while the two 
posterior A^eins from the ovary open into the main renal vein. 

Figure I (b) shows the left side of the same animal. Three renal 
veins are present, each formed by the union of two to five smaller 
vessels receiving numerous irregular tributaries. The renal veins 
more or less parallel each other and pass forward and slightly to- 
Avards the middle line. The posterior vein is by far the longest of 
the three, the anterior the shortest, while the middle and posterior 
veins are connected near their anterior extremities by a short trans¬ 
verse vessel. All three veins unite to form a common trunk leading 
to the postcaval. The anterior ovarian veins have a similar arrange¬ 
ment to those in Figure I (a), while the two posterior veins enter 
the posterior renal vein half-way along its length. The postcardinal 
vein is united with the anterior renal vein. 

Figures 2 (a) and 2 (b) also show right and left sides of a 
female frog. In Figure 2 (a), the efferent renal veins are arranged 
m parallel series throughout the kidney, although their finer tribu¬ 
taries are irregular and show considerable anastomosis with each 
other. One main renal vein occurs, which is joined anteriorly by a 
smaller renal vessel. Posteriorly, a stout connecting vessel joins the 
main renal veins of both sides. Before the renal vein becomes con¬ 
tinuous Avith the postcaA T al A r ein it is joined by the postcardinal vein. 
Only three ovarian veins are present, all of Avhicli make separate 
entrances into the main renal vein. 

The condition shoAvn in Figure 2 (b) is similar to that of the 
right side, except for the fact that the vein from the fat-body enters 
the postcardinal vein further forward and that the anterior ovarian 
vem enters the main renal vein after the latter has left the kidney 
to pass toAvards the middle line. 

Figures 3 (a) and 3 (b) sIioav right and left sides of a male 
lrog. Tn Figure 3 (a), the main renal A^ein is closely attached to 
the kidney until it passes imvard to join with the efferent renal from 
the opposite side, and receives approximately seven distinct, short, 
efferent renal vessels formed from widely ramifying tributaries. A 
separate but small renal vein joins the main trunk just before its 
entiance to the postcaval vein. The postcardinal vein enters the 
postcaval vein directly. The vein from the fat-body, which enters the 
post-cardinal, is not united with any of the four spermatic veins, all 
of Awuch open separately into the short veins giving rise to the main 
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renal vessel. Before reaching the kidney, the posterior spermatic 
vein divides into two vessels which are connected by a short trans¬ 
verse vein. The third spermatic vein has a circular connection uniting 
it with the corresponding vessel from the opposite side. 

In Figure 3 (b), two main renal veins are present, but only the 
anterior vessel enters the postcaval directly. The anterior vein takes 
its origin nearly half-way up the length of the kidney and receives 
four main tributaries before curving inward. Immediately anterior 
to its junction with .the postcaval, a separate small renal vein joins 
the latter. The posterior renal vein is formed from three compara¬ 
tively stout vessels which converge towards the median line after 
leaving the inner border of the kidney. The main vein produced by 
their union passes diagonally across to unite with the main renal 
vein of the right side. The postcardinal vein enters the postcaval 
vein directly. The four spermatic veins are united in pairs to form 
two vessels, the anterior of which runs forward close to the tissue 
of the fat-body and unites with the vein from the latter before enter¬ 
ing the postcardinal vein. The third spermatic vein is connected with 
that of the opposite side. 

The examples quoted above are by no means isolated cases of 
variation. Every specimen of Leiopelma so far injected and ex¬ 
amined has shown some peculiarities in the number and arrangement 
of renal veins, and it is at present impossible to state that any given 
condition occurs more frequently than another. It is possible, how¬ 
ever, that detailed study of the developmental and adult stages of the 
urinogenital organs of Leiopelma may throw further light on the 
incidence and range of the abnormalities in the circulatory system. 

SUMMARY AND DISCUSSION. 

1. With respect to the arterial system, Leiopelma is typically 
Anuran in character and differs little except in minor details from 
even the more specialised types such as Rana and Hyla. 

2. Leiopelma exhibits invariably persistent and well-developed 
right and left postcardinal veins. Larval forms of both urodeles and 
frogs possess these vessels, but in the adult they are usually replaced 
by a median postcaval vein. Some adult urodeles retain postcardinal 
veins as well as a postcaval vein, and a similar condition is found in a 
few of the less specialised Anurans. Postcardinals are found in 
Ascaphus, the only other member of the Leiopelmidae (Noble, 1931). 
but their condition has apparently not been described in detail. 
Certain Discoglossid types—e.g., Bombinator igneas, B. bombinus and 
Discoglossus pictus possess small postcardinal veins, and these vessels 
have also been found occasionally in Alytes obstetricans (Howes, 
1888). Xenopus laevis, among the Pipidae, and various species among 
the more specialised families such as the Ranidae and Bufonidae show 7 
an occasional irregular occurrence of one or both postcardinals. The 
main literature regarding these types is summarised by O’Donoghue 
(1931 and 1933). Whatever may be the reason for the occasional 
persistence of postcardinals in certain types, their invariable presence 
in Leiopelma and Ascaphus clearly supports the evidence already 
known regarding the primitive nature of this family. 
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3. The presence of right and left postcardinal veins, and their 
union anteriorly with the corresponding internal jugular veins,-leads 
to the formation on each side of a vessel which is essentially a ductus 
Cuvieri. Thus the precaval system retains embryonic relationships 
not found in the adults of more specialised frogs. 

4. In Leiopelma, the museulo-cutaneous vein enters the ductus 
Cuvieri on each side directly, while the brachial vein joins the corre- 
sponding postcardinal vein. Thus Leiopelma is characterised by the 
absence of subclavian veins, which in Rana are formed as stout 
tiunks by the junction of brachial and musculo-cutaneous veins. 

5. An hepatic portal system and a renal portal system are incor¬ 
porated in the venous circulation of Leiopelma as in other frogs. 
The posterior portions of the postcardinals, however, function as 
efferent renal veins in the anterior region of the kidneys, and the 
blood thus collected enters the precaval system. 

6. In the region of the kidneys, Leiopelma shows considerable 
variation m the arrangement of blood vessels, the conditions of the 
veins being more striking than those of the arteries. There are 
apparently no records of similar conditions of veins in other Amphibia. 
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Explanation 

PLATE 41 — 

a *e* anterioi bi ancli of gastric 
ad.v.—anterior intestinal vein. 

c. a.—carotid arch. 

e.m.—coeliaeo-mesenteric artery. 

d. a.—duodenal artery, 
d.ao.—dorsal aorta, 
d.v.—duodenal vein, 
g.—gastric artery. 


of Lettering on Plates. 

g. a. gastric artery from left systemic 

artery. are h. 

rt v.e.—gastric vein from convex surface 
of stomach. 

h. p.v.—hepatic portal vein. 

h. v.—liaemorrhoidal vein. 

i. a.—intestinal artery, 
i-v.—-intestinal vein. 

1.—liver. 
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Tlate 1 I 



Arteries and Veins of Alimentary Canal. 

(Stomach and small intestines turned towards right side of body. Main intestinal 
vein slightly stretched relative to its normal length.) 


| V o face pitoe 5Q2, 













































Arteries to Kidneys, Ovaries and Oviducts. Ventral Aspect. 

(Kidneys shown relatively far apart; ovary of right side removed; large 
intestine turned towards left side.) 




Plate 42 Trans. KotaL Society of N.£., Vol. 76. 
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Plate 43 
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Piagram of tho Arterial System, 
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1*1. ATK 44 
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Veins from Kidneys and Gonads, showing Variations. 

(Ventral aspect, semi-scliematic; gonads displaced towards opposite sides.) 

. .i I 1 ics. la and lb. — Right and left sides of female frog, ovaries well-developed. 
Flos. 2a and 2b.- Right and left sides of female frog, ovaries small. 

J-jos, da and 3b, — Right and left sides of male frog, testis well-developed, 
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Plate 45 



Venous System of Lcioitclnia. 
Ventral Aspect. Schematic. 
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l.i.—large intestine. 

l. s.—left systemic arch. 

m. —mesenteric artery, 
m.g.—second gastric artery, 
m.i.v.—main intestinal vein. 

o. a.—oesophageal artery. 

p. —pylorus, 
pa.—pancreas. 

p.2.—m. peti ohyoideus II. 
p.d.v.—posterior duodenal vein, 
p.g.—posterior gastric artery, 
s.— spleen. 

>.i .—small intestine, 
sp.—splenic artery, 
sp.v.—splenic vein, 
v.—ventricle. 

I»EATE 42— 

a.h.—anterior haemorrlioidal artery, 

a.od.—arteries to oviduct from systemic 
arcli. 

a. r.a.—anterior renal artery. 

b. m.od.—branch of main artery to 

oviduct. 

d.a.—dorsal aorta. 

d.l.—dorso-lumbar artery. 1 

f. b.—artery to fat-body, 
il.—iliac arterj\ 

k. —kidney. 

l. i.—large intestine. 

l. s.—left systemic arcli. 

m. od.—main artery to oviduct, 
o.—ovary. 

o. a.—ovarian artery, 
od.—oviduct. 

p. h.—posterior haemorrlioidal artery, 
p.od.—posterior artery to oviduct. 

р. r.a.—posterior renal artery, 
ur.—urostyle. 

v.—vertebra. 

v.a.—vesical artery. 

PLATE 43— 

a.h.a.—anterior haemorrlioidal artery. 

c. ar.—carotid arch. 

с. g.—carotid gland. 

c. m.—coeliaco-mesenteric artery, 
eu.—cutaneous artery. 

cu. il.—cutaneous branch of iliac artery. 

d. a.—dorsal aorta. 

d.l.—dorso-lumbar artery, 
ep.—epigastric artery. 

g. —gastric artery. 

1.—lingual artery, 
l.il.—left iliac artery, 
in.—mesenteric artery, 
o.a.—oesophageal artery. 

o.r.—arteries to kidneys and oviducts. 

o. v.—occipito-vertebral artery. 

p. a.—pulmonary artery. 

p.ar.—pulmo-cutaneous arch. 

p.h.a.—posterior haemorrlioidal artery. 

r. —renal arteries. 

‘•in.—systemic arch, 
sc.—sciatic artery. 

s. cl.—subclavian artery, 
v.—vesical artery. 

v.b cu/—ventral branch of cutaneous 
artery. 

PLATE 44— 

a.e.r.—anterior efferent renal vein. 


a.s.v.—antciior spermatic vein, 
a.v.g.—anterior ovarian vein, 

e.a.s.v.—connection between spermatic 
veins. 

c.e.r.—connection between efferent reuals. 
e.s.r.—connection with right spermatic 
vein. 

e.r.—main renal vein, 

e.r.t.—efferent renal tributaries, 
e.t.p.c.—efferent venal tributaries of 
postcardinal. 

l. e.r.—efferent renal vein from left side. 

m. a.e.r.—main anterior efferent renal 

vein. 

m e.r.—middle renal vein. 

o. —ovary. 

p. c.—postcardinal vein, 
p.e.r.-—posterior renal vein. 

p.p.c.—posterior region of postcardinal, 
p.s.v.—posterior spermatic vein, 
pt.c.—postcaval vein. 

р. v.g.—posterior ovarian vein, 
r.p.v.—renal portal vein. 

t.—testis. 

v.f.b.—vein from fat-body, 
v.f.b.g.—vein from fat-body and anterior 
of gonad. , 

PLATE 45— 

a. a.—anterior abdominal vein. 

b. v.—brachial vein. 

с. p.IV.—choroid plexus of fourth 

ventricle. 

c. t. -cutaneous tributaries. 

c. v.—musculo-eutaneous vein. 

d. c.—ductus Cuvieri. 

d. m.—vein from dorsal body walk 

e. il.—external iliac vein, 

e.j.v.—external jugular vein, 
e.r.—main efferent renal vein. 

e. t.pe.—efferent tributaries of post¬ 

cardinal vein. 

f. —femoral vein. 

g. b.—gall-bladder, 
li.—hepatic vein. 

li.p.v.—hepatic portal vein, 
i.j.v.—internal jugular vein, 
i.j.e.—tributaries of internal jugular 
from eye. 

i.j.h.—tiibutaries of internal jugular 
from hemisphere. 

k. —kidney. 

l. —liver. 

l.v.—lingual vein. 

l. v.p.—lateral venous plexus. 

m. v.—mandibular vein, 
o.r.p.—veins from oviduct. 

o. v.—oesophageal veins. 

p. —vein from mucous membrane of 

palate. 

p.c.—postcardinal vein, 
pt.c.—postcaval vein, 
p.v.—pelvic vein.’ 
r.p.v.—lenal portal vein, 
sc.—sciatic vein. • 

v.—vesical vein, 
v.b.a.—vena bulbi anteiior. 
v.b.h.s.—vein from back of head and 
shoulder. 

v m.s.—vein from ventral region of 
shoulder. 

v.o.—\ein from oviduct. 




